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Methods
117
Study Design 118
A randomized, parallel-group, controlled trial was conducted to compare the effects on 119 post-needling soreness of low-load eccentric exercise (experimental), detuned ultrasound 120 (placebo), no intervention (control) in subacromial pain syndrome. The study was approved 121 by the Institutional Review Board of Universidad Rey Juan Carlos (URJC 20072015341531/2014) . 122 The trial was registered (ClinicalTrials.gov: NCT02558686). 123
Participants 124
Consecutive subjects with a diagnosis of subacromial pain syndrome from different 125 regional Hospitals of Madrid (Spain) were screened for eligibility criteria. Subacromial 126 pain syndrome was defined when individuals fulfilled the following: 1, unilateral shoulder 127 pain complaints persisting from at least 6 months; 2, pain intensity >3 points on an 11-point 128 numerical pain rate scale (NPRS); 3, a positive painful arc test during abduction (+LR 3.7, 129 95%CI 1.9-7.0) [23] ; and, 4, at least 2 positive of these tests: Hawkins-Kennedy test (+LR 130 1.70, 95%CI 1.29-2.26), Neer's sign (+LR 1.86, 95%CI 1.49-2.31), empty can test 131 (specificity 0.62), drop arm test (specificity 0.92), or lift-off test (specificity 0.97) [24] . 132
Additionally, subjects exhibited at least one active TrP in the infraspinatus muscle 133 reproducing their shoulder symptoms. TrP diagnosis was performed following the criteria 134 described by Simons et al [1] : 1, presence of a hypersensitive spot in a palpable taut band in 135 the infraspinatus muscle; 2, local twitch response elicited by snapping palpation of the taut 136 band; and 3, referred pain in response to compression. To be considered active, the elicited 137 pain by the TrP should reproduce any symptom experienced by the subject and the subjectM A N U S C R I P T
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7 recognized the pain as familiar. These criteria, when applied by trained assessors, have 139 exhibited a moderate inter-examiner reliability (k: 0.65-0.88) [25] . 140
The infraspinatus muscle was selected for the following reasons: 1, it is the muscle 141 most frequently affected by TrPs in individuals with shoulder pain [10,11]; 2, the referred 142 pain elicited by its TrPs spreads to the shoulder area [1] would be easier for the participants since they usually report symptoms in the anterior and 148 lateral parts of the shoulder region. 149
Participants were excluded if they exhibited any of the following: 1, bilateral shoulder 150 pain; 2, fear of needles; 3, coagulation disorders; 4, history of shoulder fractures and/or 151 dislocation; 5, cervical radiculopathy; 6, previous intervention with steroid injections in the 152 shoulder; 7, fibromyalgia syndrome; 8, previous history of shoulder or neck surgery; 9, any 153 therapeutic intervention for the shoulder area the previous year. All participants signed an 154 informed consent prior to their inclusion in the study. 155
Randomization and masking 156
Subjects were randomly assigned to receive one intervention. Concealed allocation 157 was done using a computer-generated randomized table of numbers created by an external 158 statistician. Individual and sequentially numbered index cards with the random assignment 159 were prepared, folded, and placed in sealed opaque envelopes. A second researcher opened 160 the envelope and proceeded with subject allocation. All outcomes were assessed by another 161 investigator who was blinded to group assignment. of the needle typically ranged from 10mm to 15 mm depending on the muscle thickness 173 (Fig. 1) . Once the first local twitch response was obtained, the needle was moved up and 174 down (3 to 5 mm. vertical motions, no rotations) until no more local twitch responses were 175 elicited [28] . Upon removal of the needle, the area was compressed firmly with a cotton 176 bud for approximately 1 minute. 177
Post-needling interventions 178
Participants assigned to the experimental group received a session of low-load exercise 179 of the shoulder musculature focusing on the infraspinatus muscle with the patient supine. 180
One set of 12 repetitions was conducted. Each repetition included a self-paced concentric 181 phase, followed by a very slow and controlled eccentric phase lasting about 5sec (Fig. 2) . A 182 medium resistance TheraBand© was used for conducting low-load pain-free contraction. 183 Individuals assigned to the placebo group received 10 minutes of detuned (inactive) 184 ultrasound on the area receiving the TrP-DN on the infraspinatus muscle.
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Finally, those assigned to the control group did not receive any intervention and they 186 were asked to rest on the table for 10 minutes. 187
Outcome Measures 188
The The SPADI is a 13-items shoulder function index assessing pain and disability related 214 to shoulder dysfunction [35] . Each item is scored by a numeric rate scale ranging from 0 215 (no pain/no difficulty) to 10 (worst pain imaginable/so difficult it required help). The total 216 score ranges from 0 to 100 points where a higher score indicates greater disability. The 217
Spanish version of the SPADI has exhibited high internal consistency (Cronbach α: 0.916) 218
and excellent test-retest reliability (ICC: 0.91) [36] . It has been recently reported that MCID 219 for the SPADI ranges from 8 to 13 points [37] . 220
Sample size determination 221
The sample size was calculated using Ene 3.0 software (Autonomic University of 222 Barcelona, Spain). The calculations were based on detecting differences of 1.1 points (the 223 MCID) [30] in the primary outcome (post-needling induced-pain) at follow-up, assuming a 224 standard deviation of 1.35, a 2-tailed test, an alpha level (α) of .05, and a desired power (β) 225 of 80%. The estimated desired sample size was calculated to be 25 individuals per group. 226
Allowing for a 20% dropout rate, we recruited 30 subjects per group. 227
Statistical Analysis 228
Statistical analysis was performed using SPSS software, version 21.0 (Chicago, IL, 229 USA). Mean, standard deviation (SD), and 95% confidence interval (CI) for each variable 230 were calculated. The Kolmogorov-Smirnov test showed that all quantitative data showed a 231 normal distribution (P>.05). Baseline data were compared among groups using a 1-wayM A N U S C R I P T Bonferroni test using a corrected alpha of .017 (3 independent-samples). Consistent with 244 the intention to treat principle, all data was analyzed to the group that the participant was 245 assigned. 246
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Results
248
One hundred and twenty-five (n=125) patients with shoulder pain were screened for 249 eligibility criteria. Ninety patients (mean ± SD age: 35±13 years; 52% female) satisfied the 250 eligibility criteria, agreed to participate, and were randomized into experimental (n=30), 251 placebo (n=30), or control (n=30) group. The reasons for ineligibility are found in Fig. 3 . 252
Baseline data among the groups were similar for all variables (TABLE 1) The 5x3 mixed-model ANCOVA revealed a significant Group*Time interaction 257 (P<.001), with no effect of gender (P=.54), for changes in post-needling induced-pain. Post 258 hoc analysis showed that the exercise group exhibited a higher decrease in post-needling 259 induced-pain immediately after (P=.001), 24h after (P=.001) and 48h after (P=.006) than 260 did the placebo or control group (Fig. 4) . No significant differences were observed at 72h 261 (P=.03). TABLE 2 provides the evolution of post-needling induced-pain in all groups. 262
Shoulder pain and related-disability 263
The 2x3 mixed model ANCOVA did not reveal any statistically significant Group * 264 We observed that individuals receiving low-load exercise after TrP-DN exhibited a 295 larger decrease in post-needling induced-pain than those receiving detuned ultrasound or 296 those who did not receive any intervention. Between-group change scores surpassed the 297 MCID for the main outcome [30] in favor of the exercise group immediately after, 24h and 298 48h after; however, clinical relevance of the observed changes should be considered with 299 caution since the lower bound of the 95% confidence interval for between-groups change 300 scores was equal to the MCID in some patients. In fact, the greatest post-needling pain 301 reduction after exercise was observed immediately after the intervention (2.8, 95%CI 2.1, 11.7 ± 3.7 11.0 ± 2.4 12.1 ± 2. 
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